I. Rh(I) complex preparation
Briefly, 1,4-bis [(phenyl-3- + BF 4 -(2) was dissolved in the mixture of 5 mL of C 6 D 6 and 1.5 mL of CD 3 OD.
The solution was degassed by passing a stream of Argon gas for ~ 5min. the reaction, which was detected by NMR spectra. The reaction was completed after acquisition of forty spectra (4 signal averages per spectrum) corresponding to 228 seconds.
IV.

In situ NMR experiment at 47.5 mT
Because NBN is insoluble in water under these conditions, as confirmed by high-field NMR studies, the obtained low-field NMR signal corresponds to polarized NBN in the gas phase only.
Because the 0.5 L RF coil covers the 56 mL reactor completely, it is possible to calibrate the hyperpolarized NMR signal to the NMR signal of an external reference sample of water with the goal of polarization enhancement quantification.
3.6 mL of 10 mM aqueous solution of catalyst (Rh(I) complex 1 in 99.8% D 2 O) was preheated at 60°C for 20 seconds, and then injected into an atmosphere of >90% 1 parahydrogen gas at 35 °C (56 mL, 7 bar). The foamed solution was allowed 3 seconds for the hydrogenation reaction time, and then spectra were acquired with 45° excitation RF pulses (42 µs at 10 W). The RF probe used in these studies was similar to that described by Coffey and co-workers 2 with minor modifications to the coil windings inside a 90 mm gradient coil (Magritek, Wellington, New Zealand). The magnet was shimmed using an automated shimming routine provided by the manufacturer. The signal enhancement was calculated as described previously 3 although accounting for the number of averages, because the spectrometer detector was in averaging mode. The signal integral from polarized NBN (Fig. 3a) was 11.9-fold less than that from water ( Fig. 3c) , when adjusted for the number of scans. There were 86400 times more water molecules in the reference sample than the number of injected NBD molecules. The calculated enhancement factor of 10300 is the lower estimate, because it assumes no polarization losses during the 3-second reaction time and a complete (100%) chemical conversion of NBD to NBN.
We also note that the resulting anti-phase signal would likely suffer intensity loss from partial collapse, because the spin-spin coupling is ~6-10 Hz in similar spin systems, the chemical shift of the two nascent parahydrogen protons differs by < 2 Hz, and the FWHH was ~40 Hz for a water reference sample. ALTADENA, setup 1, Fig. 2c .
V. Signal enhancement factor calculation using
An external reference sample was also used to estimate signal enhancements (Fig. S2c) . Note that continuous production of NBN by bubbling para-H 2 through solution of 1 eventually leads to a complete depletion of NBD, because the reaction is irreversible. Therefore, the total amount of polarized NBN may be estimated by comparing peak production (Fig. S3c) to an external reference (Fig. S2c) , assuming that all produced NBN migrates to the gas phase and is Calculation of signal enhancement factor from the above data. By multiplying the gas volume flow rate by the experiment time t [s], and dividing by the total number of NMR acquisitions (N -number of spectra, n -number of averaging scans/spectrum used to record one NMR spectrum in signal accumulation mode), it is possible to calculate the volume of gas passing through the detector RF coil during one NMR acquisition:
The gas volume V RF coil contributing to the NMR signal after RF pulse excitation equals the volume of RF coil, which is approximately 0.3 mL. This means that most of the NBN gas passes through the RF coil without being detected. To account for this "dark" volume, a correction factor F V can be used, with 
Because the reference signal of NBN had a very low intensity, we used this method based on the maximum quantity of detected NBN and NMR of the reference to calculate :
This means that the signal of polarized NBN gas was more than 11 times greater than Boltzmann polarization at a 9.4 T magnetic field strength, because the above calculation doesn't take into account the gas phase NBN transfer losses, which are likely due to condensation on the walls of the Teflon capillaries along the path to the NMR spectrometer RF coil. Comparison of the two spectra in Fig. 2 shows that the actual enhancement factor is indeed larger than 11, as otherwise the NBN signals would be observable in the spectrum of Fig. 2b . The concentration of NBN in the gas phase can be roughly estimated as 187 μmoles /(5.3 mL/s * 228 s) = 0.15 mM, which is below the vapor pressure level for NBN (32 hPa at 65 °C, or ca. 1 mM; data from http://www.merckmillipore.com/).
The value of might also be estimated directly from the spectra based on the SNR of the two spectra: (i) obtained in the gas phase during para-H 2 flow through the chamber, accounting for the proton quantity difference by a factor of 2 in a) and b), it was concluded that ε was no less than 164. We note that this is the lower limit for the enhancement factor, which is likely limited by the poor SNR of spectrum in Fig. S2b and relaxation-associated polarization losses during NBN transport into the RF coil of the 9.4 T high-field NMR spectrometer. 
